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摘 要 
21 世纪海洋产业的发展关乎着世界的发展，水声通信作为唯一可以在海洋
中实现中远距离信息传输的方式越来越受到重视。但是水声信道的复杂性导致了
其严重的码间干扰(ISI)，从而限制了水声通信接收机的性能。为了消除或减弱这
样的影响，信道估计和信道均衡技术在水声通信中有着举足轻重的作用，有效的
信道估计和信道均衡算法可以大大提高水声通信接收机的鲁棒性，提高系统的性
能。 
论文重点研究了水声通信接收机中的关键技术，并且提出了一种鲁棒的水声
通信接收机。本文在理论研究的基础上进行了一系列的计算机仿真，并且对系统
的可靠性进行了一系列的水池实验和海上实验。论文的主要工作及创新点如下： 
1.信道估计技术：利用水声信道的稀疏特点，重点研究了稀疏信道估计技术，
基于分层贝叶斯模型研究了迭代稀疏最小化(SLIM)信道估计技术。并对不同算法
进行了性能比较，表明：在相同的信道条件下，SLIM 信道估计技术的估计特性
要好于正交匹配追踪(OMP)算法和传统的最小平方(LS)估计。 
2.信道均衡技术：对传统均衡方法，包括 LMS 线性均衡、判决反馈均衡和
迭代均衡等算法了研究，仿真和实验结果显示迭代均衡的效果要好于线性均衡和
判决反馈均衡技术。在此基础上，本文重点研究了基于统计的马尔科夫链的 Gibbs
抽样技术，并在 Gibbs 抽样技术的基础上提出了迭代的 Max-Gibbs 均衡技术应用
到接收机中。从仿真和实验结果可以得出，迭代的 Max-Gibbs 均衡技术的误码特
性要优于判决反馈(DFE)均衡。 
3.在对蒙特卡洛马尔科夫链均衡算法进行研究的时候，针对实验数据处理中
发现的问题，对该算法进行了鲁棒性改进，提出了一个基于该技术的低复杂度接
收机，并且对接收机中的信道更新算法进行了研究改进，增强了接收机的鲁棒性。
通过仿真和实验证明了该接收机的鲁棒性。仿真结果表明：采用该接收机的误码
率可以达到 310 ，而采用 DFE 均衡的接收机的误码率仅为 210 ，在信道简单，两
者都能达到不错的误码性能的基础上将误码率降低了 1 个数量级。通过一系列的
水池试验和海洋实验证明：采用该接收机误码率为 210 到 410 ，相对于采用 DFE
均衡的接收机的误码率仅仅为 110 到 210 降低了 1 到 2 个数量级。并且在信道条
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件较良好的情况下，可以得到零误码。从而证明了本文所设计的接收机的鲁棒性。 
关键字：水声通信；SCFDE；Max-Gibbs 均衡；迭代稀疏最小化信道估计 
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Abstract 
In the 21st century , the development of Marine industry is about the 
development of the world,  expand the Marine industry, Marine economy 
development in the new period, underwater acoustic communication(UAC) as the 
only way to realize the ocean long distance transmission of information is more and 
more important. But the underwater acoustic channel’s complexity  leads to the 
severe inter-symbol-interference (ISI), so underwater acoustic communication 
receiver’s performance is limited by it. Channel estimation and equalization 
technology is of vital significance in the underwater acoustic communication because 
these are effective way to weaken the effect of channel,  and effective estimation and 
equalization algorithm can greatly improve the robustness of underwater acoustic 
communication receiver. 
Paper focuses on the key technology of uac receiver and the method of channel 
estimation and equalization, and proposed a robust uac receiver.After the  theoretical 
research, I conducted a series of computer simulation, and the reliability of the system 
conducted a series of the pool and sea experiments in this paper. Paper's main work is 
as follows: 
1. Channel estimation technology is studied, because the uac channel is a sparse 
one, article focuses on the sparse channel estimation technology, and on the basis of 
using the Sparse learning via iterative minimization (SLIM) channel estimation 
technology, and it is concluded the fact, under the same channel condition, SLIM’s 
estimate better than orthogonal matching pursuit (OMP) algorithm and the traditional 
least square (LS) estimation. 
2. The channel equalization technology is studied, from the equilibrium and 
iterative linear equilibrium, decision feedback equalizer (several aspects of research, 
from simulation and experimental results, the fact that the iterative equalization’s 
performance is better compares with the linear equalization and decision feedback 
equalization technology. Focus on the simulation and experimental results, a 
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conclusion can be make: error characteristics of the iterative Max - Gibbs equalization 
technology is superior to decision feedback equalization (DFE). 
3. In the study of markov chain monte carlo equalization algorithm, in view of 
the problems found during the experiment data processing, we focus on how to 
improve the robustness of the algorithm and proposed a low complexity based on the 
technology of receiver, we also improve the receiver channel update algorithm to 
make the receiver more robust. Through simulation and experiments show the 
robustness of the receiver. The bit error rate the receiver can reached is 310 , which  
with DFE equalization the receiver’s bit error rate is 210  in th simulationexperiment, 
the simple channel, the ber performance of both can achieve good will be the basis of 
the error rate reduced one order of magnitude. Through a series of test pool and sea 
experiments show: the ber of the receiver 210 ~ 410 , relative to the adoption of DFE 
equalization receiver error rate is 110 ~ 210  to reduce the 1 ~ 2 orders of magnitude. 
And under the condition of the channel condition is good, can get zero error. Thus 
proves that involved in this paper, the robustness of the receiver. 
 
Key words: Underwater acoustic communication; SCFDE; Max-Gibbs 
equalization; Sparse learning via iterative minimization channel estimation 
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